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57) ABSTRACT 

A computer system, according to an embodiment of the 
present invention comprises a host CPU, an image rendering 
device, a CRT image memory, a video subsystem, an alter 
native display converter, an alternative display memory, an 
LCD controller, a change-of-status (COS) detector, a power 
up/down controller, and a computer display screen. The 
COS detector monitors the host CPU, image rendering 
device, CRT image memory, looking for updates that would 
require a change in the image displayed on the computer 
display screen. The COS detector signals the power up/down 
controller to power-off and/or slow system clocks to the 
CRT image memory, the video subsystem, the alternative 
display converter, the alternative display memory, and the 
LCD controller when there is no change to be made in the 
image on the computer display screen. And conversely, the 
COS detector signals the power up/down controller to 
power-up and/or restore system clocks to full-speed for the 
CRT image memory, the video subsystem, the alternative 
display converter, the alternative display memory, and the 
LCD controller when a change (update) is to be made in the 
image on the computer display screen. 

28 Claims, 5 Drawing Sheets 
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POWER SAVING DISPLAY SUBSYSTEM FOR 
PORTABLE COMPUTERS 

This application is a continuation of application Ser. No. 
07/741,016 filed Aug. 6, 1991, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to information equipment display 

devices and specifically to methods and devices for saving 
the power drawn by displays in computer equipment that are 
based on liquid crystal displays (LCDs). 

2. Copending Application 
These Applicants have a copending application Ser. No. 

07/728,454 filed on Jul. 11, 1991, that treats the same or 
related subject matter. The copending application is there 
fore incorporated here in full and made a part of this 
application. 

Information processing devices have become more-and 
more compact and lighter-and-lighter in weight. Portable 
computers and word processors are now being sold com 
mercially that use a battery as a power source. Such portable 
computers typically use liquid crystal displays and other low 
power computer display screen to save on battery drain and 
thus extend the operational time on each charge. In contrast, 
most system configurations of desk-top computers use CRT 
monitors for their computer display screen. 
To enable the LCD based portables to run the software 

written for the desk-top systems, the approach usually taken 
is for the portables to first produce a CRT type image and 
then convert that image to a format compatible with an LCD 
controller. 
The power used for the displays in portable computers is 

often larger than that needed in desk-top computers. It 
accounts for about one-half of all power consumed in the 
portable. The higher power consumption presents a serious 
obstacle in efforts to extend the battery or battery charge life 
of the portable computer. 

Microminiaturization of electronic circuits has advanced 
to the point that relatively powerful computer systems can 
be made to be portable and about the size of a book. 
Unfortunately, portable power supplies, mostly those relying 
on batteries, have not advanced as far nor as fast. It is not 
uncommon for the battery of a portable device to outweigh 
and outsize the device it powers. Making the power supply 
smaller only shortens operation time because of the reduced 
capacity. 
The operating time available on most portable system is 

completely inadequate. Since there are only two options to 
extending operating time, namely, increase power supply 
capacity or reduce power consumption, a method is needed 
to reduce power consumption. 

It is true that of the several sub-systems that exist in a 
typical portable computer, only a few are doing any useful 
work. The rest are on idle. But those circuits that are on idle 
consume power, and those that are CMOS digital circuits 
consume power proportional to the clock speed. Therefore, 
the present invention coordinates the selective shutting 
down of idle sub-systems and reduces clock speeds to save 
power. 
The present invention reduces power consumption by 

driving only those circuits in a display subsystem at those 
times that are absolutely necessary. Since portable comput 
ers are often used for word processing, spreadsheet calcu 
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2 
lation, and data base management, it waits for keyboard 
input a majority of the time. During its wait, the display does 
not usually change. So, only some of the display sub 
system's circuits are required for operation. Therefore, a 
significant decrease in power consumption can be realized 
by turning-off unnecessary circuits or by slowing down or 
stopping the system clock when waiting for keyboard input 
or when the display is not being changed. 

FIG. 2 is a block diagram of the display circuit of the prior 
art portable computer. The procedure in FIG. 2 for display 
output is, as follows: 

(1) instructions and data related to the picture are trans 
ferred from a host CPU 1 to an image rendering device 
2. These instructions and data constitute the character 
codes, lines, dot positions, color and type for display. 
The contents of a CRT image memory 3 can also be 
changed directly from the host CPU 1; 

(2) image rendering device 2 modifies the CRT image 
memory 3 based on instructions and data from the host 
CPU 1. The contents of the CRT image memory 3 are 
drawn as characters, lines and dots in locations that 
correspond to points on a display screen; 

(3) a video subsystem 4 converts the data in CRT image 
memory3 into a CRT display signal and outputs it. This 
output is a video signal; 

(4) an alternative display converter 5 converts the video 
signal into a liquid crystal display compatible signal 
and stores it in an alternative display memory 6; and 

(5) an LCD controller 7 generates a liquid crystal drive 
signal based on the contents of the alternative display 
memory 6 and uses it to drive the computer display 
screen 10, which is either electrical or chemical in 
nature. 

Devices 1-7 and 10 are implemented in the traditional 
fashion. There is nothing particularly unique or novel about 
their construction. So the circuits used in steps (1) to (3), 
above, will be found in prior art desk-top computers. There 
fore no software incompatibility will be sourced by them. 
Steps (4) and (5) merely convert signals, and are indepen 
dent of any systems or applications software. Therefore, 
existing software sold for desk-top computers that use a CRT 
can also be run on portable computers that use a liquid 
crystal display, such as in FIG. 2. (For CRT display, the 
output of the video subsystem can be used as is and a CRT 
simply connected.) 
One disadvantage of the above is that the alternative 

display converter 5, the alternative display memory 6 and 
the LCD controller 7 have been added in the portable 
computer to the circuits normally used in the display system 
of desk-top computers, resulting in more circuitry and 
greater power consumption. The increased circuitry 
increases the size and weight of the computer itself, and the 
increased power consumption leads to increased battery size 
and weight and shortens the time the computer can be used 
continuously on the battery. These disadvantages detract 
from the portability of portable computers, and so solutions 
to these problems are important. 

Display on liquid crystal displays can be performed with 
only step (5) above when there is no change in the display, 
and steps (1) to (4) are not necessary. Display on a CRT can 
be performed with only step (3) when there is no change in 
the display, and steps (1), (2), (4) and (5) are not necessary. 
When computers are used for word processing, spreadsheet 
calculations and data base management, the time used to 
change the display is often less than several percent of the 
total display time. 
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The present invention takes advantage of these charac 
teristics to reduce power consumption by clearly separating 
those circuits required when there is a change in the display 
from those required when there is no change in the display 
and operating them as required. Further, increased process 
ing speed accompanying data transfer and reduced power 
consumption can be achieved by exchanging only that data 
between circuits for which there has been a display change. 
The present invention solves the above problems, and its 

use significantly extends the length of time a portable 
computer can be used. It does this without affecting software 
compatibility of the portable to software written for desk-top 
computers. The portability is also improved by the present 
invention, as more compact and lighter portable computers 
are made possible by being able to reduce the size and 
weight of the battery. 

SUMMARY OF THE PRESENT INVENTION 

An object of the present invention is to provide a power 
up/down controller that saves power by slowing or stopping 
the operation of picture related devices when a change-of 
status detector detects that there are no changes that need to 
be made in the display. 

Briefly, an embodiment of the present invention is a 
display subsystem that comprises a host CPU, an image 
rendering device, a CRT image memory, a video subsystem, 
an alternative display converter, an alternative display 
memory, an LCD controller, a change-of-status (COS) 
detector, a power up/down controller, and a computer dis 
play screen. The COS detector monitors the host CPU, 
image rendering device, CRT image memory, looking for 
updates that would require a change in the image displayed 
on the computer display screen. The COS detector signals 
the power up/down controller to power-off and/or slow 
system clocks to the CRT image memory, the video sub 
system, the alternative display converter, the alternative 
display memory, and the LCD controller when there is no 
change to be made in the image on the computer display 
screen. And conversely, the COS detector signals the power 
up/down controller to power-up and/or restore system clocks 
to full-speed for the CRT image memory, the video sub 
system, the alternative display converter, the alternative 
display memory, and the LCD controller when a change 
(update) is to be made in the image on the computer display 
SCIee. 

An advantage of the present invention is that reduced 
power consumption not only makes it possible to run battery 
operated computer portable over longer periods, but it also 
makes it possible to build more compact and lightweight 
portables that have reduced the battery size and have low 
ered manufacturing costs by incorporating smaller power 
supplies. 
A further advantage of the present invention is that the 

advantages can be realized very easily in existing systems. 
Only the addition of small circuits is required, and any 
software designed to work with prior art display circuits can 
usually be run without modifications. 
A further advantage of the present invention is that any 

heat generated by the display circuit is reduced. The reli 
ability of circuit operation is thereby improved, the integra 
tion of ICs can be further increased, mounting density can be 
increased, freedom in mounting can be improved, and fans 
and plates for dissipating heat can be eliminated. 

Other objects and attainments together with a fuller 
understanding of the present invention will become apparent 
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4 
and appreciated by referring to the following description and 
claims taken in conjunction with the accompanying draw 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a display subsystem of 
the present invention in a computer system; 

FIG. 2 is a block diagram of a prior art display subsystem 
in a computer system; 
FIG.3 is a circuit diagram of the change-of-status detector 

used in the subsystem of FIG. 1; 
FIG. 4 is a circuit diagram of an exemplary implementa 

tion of a portion of the power up/down controller used in the 
subsystem of FIG. 1 that controls the distribution of the 
power supply (Vdd, Vss) to other major components of the 
system; and 

FIG. 5 is a circuit diagram showing an exemplary imple 
mentation of a portion of the power up/down controller used 
in the subsystem of FIG. 1 that controls the distribution of 
the system clock to other major components of the system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates a computer with a liquid crystal display, 
according to an embodiment of the present invention. Ele 
ments that are similar or identical to those of FIG. 2 have the 
same element numbers. The system of FIG. 1 has a host 
CPU 1, an image rendering device 2, a CRT image memory 
3, a video subsystem 4, an alternative display converter 5, an 
alternative display memory 6, an LCD controller 7, and a 
computer display screen 10. Unique are a change-of-status 
detector 8 and a power up/down controller 9. The change 
of-status detector 8 judges whether or not there needs to be 
a change in the display output. The power up/down control 
ler9 activates the LCD controller and can stop data transfer 
between image rendering device 2, CRT image memory 3, 
video subsystem 4, alternative display converter 5, and 
alternative display memory 6, when there is no change in the 
display based on the output of the change-of-status detector 
8. When there is a change to be made in the display 10, the 
power up/down controller 9 manipulates image rendering 
device 2, CRT image memory 3, video subsystem 4, alter 
native display converter 5, alternative display memory 6, 
and LCD controller 7. 

FIG. 3 shows a more specific implementation of the 
change-of-status detector 8. A static RAM is used for CRT 
image memory 3. Changes written for the display can come 
from two sources and each must be detected. Instructions 
and data sent from host CPU 1 to the image rendering device 
2 can result in writes being made to CRT image memory 3 
from device 2. Host CPU 1 can also write CRT image 
memory 3 directly. The chip select (CS) and BUSY signals 
of device 2 are logically summed together such that when 
both are low the output of detector 8 will go low. The chip 
select (CS) of memory 3 can be monitored, or preferably the 
AND of the CS and write enable (WE) are summed in 
detector 8 so that they too will cause an output. (Since CS 
and WE are negative true, and the opposite of BUSY is 
"ready," the OR gates illustrated in FIG. 3 function as AND 
gates.) It is also possible to implement change-of-status 
detector 8 in software. 

FIGS. 4 and 5 illustrate specific ways to implement 
controller 9. In FIG. 4, the power sources for several of the 
system elements (2, 4, 5, and 6) are switched on and off by 
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three series transistors. This switching can also be imple 
mented mechanically or with other types of switching ele 
ments, e.g. solid state relays. When detector 8 senses a 
change is required in the display 10, controller 9 switches 
ON the power sources for image rendering device 2, CRT 
image memory 3, video subsystem 4, alternative display 
converter 5, alternative display memory 6, and LCD con 
troller 7. When detector 8 sees there is no change needed in 
display 10, controller 9 switches ON the power sources for 
CRT image memory 3, alternative display memory 6, and 
LCD controller 7. It switches OFF the power sources for the 
image rendering device 2, video subsystem 4, and alterna 
tive display converter 5. FIG. 5 illustrates how controller 9 
manipulates the operating clocks of several of the system 
elements. The control of the operating clocks is accom 
plished with standard logic gates. When detector 8 senses 
the display must be updated, the controller 9 supplies a 
high-speed clock to the image rendering device 2, the CRT 
image memory 3, the video subsystem 4, the alternative 
display converter 5, the alternative display memory 6 and 
the LCD controller 7. When detector 8 senses there is no 
display update, controller 9 allows a low-speed clock to be 
supplied to LCD controller 7 and it stops the system clocks 
to the image rendering device 2, the video subsystem 4, and 
the alternative display converter 5. If dynamic RAM is used 
for CRT image memory 3 and/or the alternative display 
memory 6, the refresh period is simply lengthened to save 
power. Controller 9 can either switch off the power sources 
or stop the system clocks, or both. If a CRT is connected, 
controller 9 can alternatively turn OFF alternative display 
converter 5, alternative display memory 6, and the LCD 
controller 7, to save unnecessary power waste. 
The above embodiments concern a computer in which a 

liquid crystal display is used, but the present invention can 
also be applied to systems that use plasma displays and other 
types of computer display screens. 
The present invention is not limited to computers and can 

also be applied to reduce the power consumption in word 
processors and other portable devices. 
While the present invention has been described in specific 

embodiments, it will be evident to those skilled in the art that 
many further alternatives, modifications and variations are 
apparent in light of the foregoing description. Thus, the 
present invention described herein is intended to embrace all 
such alternatives, modifications, applications and variations 
as may truly fall within the spirit and scope of the appended 
claims. 
What is claimed is: 
1. A display control system for controlling display on a 

liquid crystal display device of image data which can be 
changed due to user operation, comprising: 

an image memory for storing said image data; display 
control means for reading out said image data from said 
image memory and producing display data for said 
liquid crystal display device; 

detecting means for detecting whether or not said image 
data stored in said image memory is to be changed and 
producing a detection signal indicative thereof; 

a power source for supplying power to said display 
control means; and 

power control means, which receives said detection sig 
nal, for controlling said power supplied to the display 
control means in response to the received detection 
signal, thereby saving an amount of power consumed 
by said display control means. 

2. A display control system in accordance with claim 1, 
wherein said power control means comprises: 
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6 
means for reducing said power supplied to said display 

control means when said detection signal indicates that 
said image data is not to be changed. 

3. A display control system in accordance with claim 2, 
wherein: 

said display control means comprises means for changing 
said image data stored in said image memory; and 

said detecting means comprises means for detecting 
whether said display control means is to execute said 
changing. 

4. A display control system in accordance with claim 2, 
wherein: 

said display control means comprises means for changing 
said image data stored in said image memory; and 

said detecting means comprises means for detecting 
whether said image memory is to be accessed by said 
display control means. 

5. A display control system in accordance with claim 1, 
wherein said power control means comprises: 
means for stopping supply of power to said display 

control means when said detection signal indicates that 
said image data is not to be changed. 

6. A display control system in accordance with claim 6, 
wherein: 

said display control means comprises means for changing 
said image data stored in said image memory; and 

said detecting means comprises means for detecting 
whether said display control means is to execute said 
changing. 

7. A display control system in accordance with claim 5, 
wherein: 

said display control means comprises means for changing 
said image data stored in said image memory; and 

said detecting means comprises means for detecting 
whether said image memory is to be accessed by said 
display control means. 

8. A display control system for controlling display on a 
liquid crystal display device of image data which can be 
changed due to user operation, comprising: 

an image memory for storing said image data; 
display control means for reading out said image data 
from said image memory and producing display data 
for said liquid crystal display device; 

detecting means for detecting whether or not said image 
data stored in said image memory is to be changed and 
producing a detection signal indicative thereof, 

a clock generator for supplying a clock signal to said 
display control means; and 

clock control means, which receives said detection signal, 
for controlling said clock signal supplied to said display 
control means in response to the received detection 
signal. 

9. A display control system in accordance with claim 8, 
wherein: 

said clock generator comprises means for generating a 
high-frequency clock signal and a low-frequency clock 
signal; and 

said clock control means comprises means for controlling 
supply of said high-frequency clock signal to said 
display control means when said detection signal indi 
cates that said image data is to be changed, and 
controlling supply of said low-frequency clock signal 
to said display control means when said detection 
signal indicates that said image data is not to be 
changed. 
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10. A display control system in accordance with claim 9, 
wherein: 

said display control means comprises means for changing 
said image data stored in said image memory; and 

said detecting means comprises means for detecting 
whether said display control means is to execute said 
changing. 

11. A display control system in accordance with claim 9, 
wherein: 

said display control means comprises means for changing 
said image data stored in said image memory; and 

said detecting means comprises means for detecting 
whether said image memory is to be accessed by said 
display control means. 

12. A display control system in accordance with claim 8, 
wherein: 

said clock control means comprises means for disabling 
said clock signal supplied to said display control means 
when said detection signal indicates that said image 
data is not to be changed. 

13. A display control system in accordance with claim 12, 
wherein: 

said display control means comprises means for changing 
said image data stored in said image memory; and 

said detecting means comprises means for detecting 
whether said display control means is to execute said 
changing. 

14. A display control system in accordance with claim 12, 
wherein: 

said display control means comprises means for changing 
said image data stored in said image memory; and 

said detecting means comprises means for detecting 
whether said image memory is to be accessed by said 
display control means. 

15. A display control apparatus for controlling display on 
a liquid crystal display device of image data which can be 
changed due to user operation, comprising: 

a first memory for storing image data; 
a second memory for storing display data for said liquid 

crystal display device; 
display control means for reading out said image data 

from said first memory to produce said display data, 
and writing said display data into said second memory; 

detecting means for detecting whether or not said image 
data stored in said first memory is to be changed and 
producing a detection signal indicative thereof; 

a power source for supplying power to said display 
control means; and 

power control means, which receives said detection sig 
nal, for controlling said power supplied to said display 
control means in response to the received detection 
signal, thereby saving an amount of power consumed 
by said display control means. 

16. A display control apparatus in accordance with claim 
15, wherein said power control means comprises: 
means for reducing said power supplied to said display 

control means when said detection signal indicates that 
said image data is not to be changed. 

17. A display control apparatus in accordance with claim 
6, wherein: 

said display control means comprises means for changing 
said image data stored in said first memory; and 

said detecting means comprises means for detecting 
whether said display control means is to execute said 
changing. 
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18. A display control apparatus in accordance with claim 

16, wherein: 
said display control means comprises means for changing 

said image data stored in said first memory; and 
said detecting means comprises means for detecting 

whether said first memory is to be accessed by said 
display control means. 

19. A display control apparatus in accordance with claim 
15, wherein said power control means comprises: 
means for stopping supply of power to said display 

control means when said detection signal indicates that 
said image data is not to be changed. 

20. A display control apparatus in accordance with claim 
19, wherein: 

said display control means comprises means for changing 
said image data stored in said first memory; and 

said detecting means comprises means for detecting 
whether said display control means is to execute said 
changing. 

21. A display control apparatus in accordance with claim 
19, wherein: 

said display control means comprises means for changing 
said image data stored in said first memory; and 

said detecting means comprises means for detecting 
whether said first memory is to be accessed by said 
display control means. 

22. A display control apparatus for controlling display on 
a liquid crystal display device of image data which can be 
changed due to user operation, comprising: 

a first memory for storing image data; 
a second memory for storing display data for said liquid 

crystal display device; 
display control means for reading out said image data 

from said first memory to produce said display data, 
and writing said display data into said second memory; 

detecting means for detecting whether or not said image 
data stored in said first memory is to be changed and 
producing a detection signal indicative thereof; 

a clock generator for supplying a clock signal to said 
display control means; and 

clock control means, which receives said detection signal, 
for controlling said clock signal supplied to said display 
control means in response to the received detection 
signal. 

23. A display control apparatus in accordance with claim 
22, wherein: 

said clock generator comprises means for generating a 
high-frequency clock signal and a low-frequency clock 
signal; and 

said clock control means comprises means for controlling 
supply of said high-frequency clock signal to said 
display control means when said detection signal indi 
cates that said image data is to be changed, and 
controlling supply of said low-frequency clock signal 
to said display control means when said detection 
signal indicates that said image data is not to be 
changed. 

24. A display control apparatus in accordance with claim 
23, wherein: 

said display control means comprises means for changing 
said image data stored in said first memory; and 

said detecting means comprises means for detecting 
whether said display control means is to execute said 
changing. 
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25. A display control apparatus in accordance with claim 
23, wherein: 

said display control means comprises means for changing 
said image data stored in said first memory; and 

said detecting means comprises means for detecting 
whether said first memory is to be accessed by said 
display control means. 

26. A display control apparatus in accordance with claim 
22, wherein said clock control means comprises: 
means for disabling said clock signal supplied to said 

display control means when said detection signal indi 
cates that said image data is not to be changed. 

27. A display control apparatus in accordance with claim 
26, wherein: 

10 
said display control means comprises means for changing 

said image data stored in said first memory; and 
said detecting means comprises means for detecting 

whether said display control means is to execute said 
changing. 

28. A display control apparatus in accordance with claim 
26, wherein: 

said display control means comprises means for changing 
said image data stored in said first memory; and 

said detecting means comprises means detecting whether 
said first memory is to be accessed by said display 
control means. 


